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the presynaptic active zone. These include Rim, mUnc-Getting a GRIP on Liprins
13, Bassoon, and Piccolo/Aczonin (see Garner et al.,
2000). As seen in postsynaptic organization, there may
be considerable heterogeneity in the proteins that coor-
dinate presynaptic structure at different classes of syn-Two papers in this issue of Neuron add a new dimen-
apses. For example, Bassoon and Piccolo are present atsion to our understanding of liprin and LAR RPTP func-
CNS synapses, but not at the neuromuscular junctions intion during synapse formation. Kaufmann et al. (2002)
vertebrates. Neither protein has a direct ortholog in C.present evidence that Dliprin- interacts with Dlar to
elegans or Drosophila. It is of note that mutations in theregulate presynaptic morphogenesis of the Drosophila
C. elegans unc-10/Rim and mouse Rim1 have no overtneuromuscular junction. Wyszynski et al. (2002) dem-
effect on active zone morphology (Koushika et al., 2001;onstrate that mammalian liprin-1 forms a complex
Schoch et al., 2002).with the PDZ protein GRIP and LAR in both pre- and
A clue to how presynaptic active zone formation ispostsynaptic compartments of hippocampal neurons
regulated came when the syd-2 gene was identified inand is required for the clustering of the GluR2 gluta-
C. elegans. syd-2 mutants were isolated in a geneticmate receptor in dendritic spines.
screen for mutations that alter synapse morphology
based on changes in expression of the synaptic vesicle
Chemical synapses are distinguished ultrastructurally marker synaptobrevin::GFP (Zhen and Jin, 1999). Neural
by the presence of electron dense regions on both sides transmission was also compromised in the mutants. Ul-
of the synaptic junction. The nature of the electron- trastructural analysis of cholinergic and GABAergic
dense materials and how the densities are formed have NMJs of syd-2 mutants revealed that mutant synapses
fascinated biologists since their discovery over half a contained normal numbers of synaptic vesicles but ac-
century ago. We now know these electron-dense thick- tive zones were less electron dense and elongated to
enings represent distinct structures specialized for their almost twice their usual length. syd-2 encodes the C.
functions in neurotransmission. Postsynaptic densities elegans liprin- and, in neurons, appears to be localized
are composed of highly organized arrays of neurotrans- to presynaptic terminals surrounded by synapto-
mitter receptors and associated proteins that mediate brevin::GFP, a configuration that would be consistent
signal transduction. The presynaptic density, also called with it being a component of the presynaptic active
the active zone, contains a specialized cytomatrix for zone. This interpretation is supported by the recent find-
synaptic vesicle docking, release, and retrieval. At the ing that mouse liprin- interacts directly with the active
ultrastructural level, the presynaptic active zone ap- zone protein Rim1 and may potentially form a multipro-
pears as a geometric grid or web directly below the tein complex with Rim1 and mUnc-13 (Schoch et al.,
plasma membrane, anchored by filamentous strands 2002). Rim participates in vesicle release at a post-dock-
extending both into the cytoplasm and outward across ing step (Koushika et al., 2001; Schoch et al., 2002).
the synaptic cleft. The grid itself is composed of elec- Thus, SYD-2/liprin- may affect synaptic transmission
tron-dense patches connected by a network of finer indirectly through Rim/UNC-10 and UNC-13.
filaments, most of which are contributed by the actin Mammalian liprins had been isolated originally in cell
and spectrin cytoskeletons. Yet the protein composition culture experiments based on their ability to bind the
of the electron-dense patches of the presynaptic active cytoplasmic domain of LAR receptor tyrosine phospha-
zone is still mysterious. tases at focal adhesion sites (Serra-Pages et al., 1995),
Cadherins and other proteins that function in target but their in vivo role was not clear. The C. elegans and
recognition and adhesion flank the active zone and are Drosophila genomes each contain a single liprin-, and
important for holding the pre- and postsynaptic com- four liprin- isoforms are found in mouse. All liprin-
partments in precise registry. Calcium channels, essen- proteins share an N-terminal coiled-coil domain and a
tial for neurotransmission, are anchored with the presyn- C-terminal region containing multiple SAM motifs that
aptic grid. The machinery of vesicle exocytosis and binds LAR family RPTPs. The active zone defects of
endocytosis is embedded or attached at the active zone syd-2 mutants, together with the interaction of LAR and
grid; however, mutations that disrupt the vesicle fusion liprins in cell culture, led to the proposal that liprin-
machinery have no apparent effect on the integrity of might recruit or anchor LAR to the presynaptic active
the active zone architecture. zone (Zhen and Jin, 1999).
Biochemical purification and protein interaction stud- LAR family RPTPs participate in multiple signaling
ies have firmly established that scaffolding proteins pathways that regulate cytoskeletal remodeling and
such as PDZ proteins play a critical role in organizing cell-matrix interactions. Two proteins that interact with
postsynaptic compartments. Comparatively, identifica- LAR and are known to contribute to the organization and
tion of the molecular mechanisms that regulate presyn- structural integrity of synaptic junctions are cadherins
aptic active zone assembly and integration with proteins (Kypta et al., 1996), and laminin/nidogen complexes
that regulate synaptic transmission has lagged behind. (O’Grady et al., 1998). Dlar has recently been shown
Only a handful of proteins have been identified that may to function in synaptic target recognition of Drosophila
retinal neurons (Maurel-Zaffron et al., 2001; Clandinin etperform in a similar structural or regulatory capacity at
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al., 2001), but a role for Dlar in subsequent stages of and has an extensive nonsynaptic expression pattern.
synapse morphogenesis has not been explored. Wyszynski et al. report that while LAR is concentrated
In the present study, Kaufmann et al. evaluated the mostly at synapses, liprins often appear with GRIP along
presynaptic role of Dliprin- and Dlar at the Drosophila axons and dendrites. Their data point to a possible
neuromuscular junction. They find that Dlar and Dliprin- GRIP-based mechanism that could underlie liprin func-
have a similar neural expression pattern during larval tion at vertebrate synapses in which liprin- serves as
stages critical for synapse formation and can bind di- an adaptor protein linking LAR with different multiprotein
rectly in yeast two hybrid assays. Most significantly, complexes in each synaptic compartment. But, as noted
synapses in the mutants for either Dlar or Dliprin- ex- by the authors, their data pose a provocative new ques-
hibit a large decrease in vesicle release and display very tion: does liprin- recruit LAR to macromolecular com-
similar structural defects. Consistent with the findings plexes at synapses? Or does LAR recruit liprin-/GRIP
in C. elegans, the active zone size and shape are both assemblies of proteins to sites at the synapse? The PDZ
altered at fly NMJs when Dlar or Dliprin- activity is protein mLin10 has been shown to mediate the transport
eliminated, although the effect of Dlar is milder than of vesicles containing the NR2B subunit of the NMDA
Dliprin-. These observations support a conserved pre- receptor by the KIF17 motor (Setou et al., 2000). Whether
synaptic function of liprin- in controlling the formation liprin- plays a similar role with GRIP in sorting and
of the presynaptic active zone and also implicate that transport of AMPA receptors remains to be determined.
Dlar and Dliprin- function in the same pathway. These Moreover, will the same kind of mechanism underlie the
Drosophila mutants also show a striking new phenotype: presynaptic function of liprins? Although we are getting
terminal branching is reduced, and fewer boutons form a grip on a new family of proteins that clearly share
at the ends of terminal branches. Overexpression stud- some conserved functions, more questions are raised
ies suggest that bouton number may actually increase than answers.
in proportion to Dlar activity, and that this effect on
synapse growth requires functional Dliprin-. Thus Dli-
prin- may act to regulate the process of budding or
splitting the end terminal bouton to form new synapses Renee Baran1 and Yishi Jin1,2
as well as to restrict the size of active zones. Whether 1Department of Molecular,
these represent linked or separate aspects of synaptic Cell & Developmental Biology
maturation and growth is a question that will require 2 Howard Hughes Medical Institute
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In worms, SYD-2 is also expressed in discrete regions
of muscles. However, its function there is unknown, and
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